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TITLE OF THE INVENTION 

Nucleic Acid Ladders 
by 

Heather Jordan 
INTRODUCTION 

A common method of analyzing nucleic acid (e.g., DNA or RNA) 
fragments is by separation in an agarose or polyacrylamide gel 
matrix. Such matrices provide a medium in which such fragments 
of different sizes and forms may be analyzed. In the presence of 
an electrical current, nucleic acid fragments will migrate 
through such a gel matrix in the direction of the positive 
electrode. Since small, linear molecules migrate more easily and 
quickly through the pores of a matrix than do larger molecules, 
the matrix acts as a molecular sieve, separating fragments of 
different sizes. Larger nucleic acid fragments are typically 
electrophoresed on low concentration agarose gels, while smaller 
fragments are separated on higher concentration agarose gels or 
on polyacrylamide gels, since polyacrylamide has a higher 
resolution capacity than agarose. 

Detection of nucleic acid molecules electrophoresed in 
agarose or polyacrylamide gels can be accomplished by a variety 
of techniques, including the use of fluorescent dyes such as 
ethidium bromide and SYBR Green. These dyes bind to the nucleic 
acid molecules and fluoresce when exposed to ultra violet (UV) 
light. Alternatively, the nucleic acid molecules can be detected 
by chemically coupling them with radioactive, fluorescent or 
chemiluminescent labels . 

Nucleic acid molecular weight standards are useful tools for 
estimating the quality, size, and/or quantity of the nucleic acid 
sample. A standard is typically fractionated simultaneously with 
the sample (e.g., in parallel with the sample), and following 
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detection, a comparison is made between the sample band(s) and 
the bands of the standard. Knowing the size (in base pairs) of 
the standard allows the size of the unknown fragment (s) to be 
estimated. 

Common standards used for estimating the size of nucleic 
acid fragments include restriction digests of nucleic acid 
molecules such as naturally occurring genomic DNA of 
bacteriophages (e.g., lambda bacteriophage) resulting in a 
population of nucleic acid fragments of known size. These types 
of standards are commonly called "nucleic acid markers" (e.g., 
"DNA markers") . 

Another type of nucleic acid standard is produced by 
engineering plasmids to contain restriction/ cleavage sites for 
one or more specific restriction endonucleases at particular 
intervals in the plasmid. Upon digestion of the plasmid with the 
specific endonuclease (s) , nucleic acid fragments of specific 
known sizes are generated. For accuracy in size determination 
and for ease of use, it is beneficial to have numerous bands that 
increase in size in regular, even intervals. These types of 
standards are commonly called "nucleic acid ladders" (e.g., "DNA 
ladders") . Preferably, each fragment generated from the 
digestion forms a discrete band and more preferably the bands 
from the digest are equivalent or substantially equivalent in 
intensity when stained to facilitate detection of each band. 

None of the commercially available DNA ladders provide a 
range of standard fragment sizes wherein the electrophoretic 
bands of high molecular weight of 1 kilobase (kb) or larger and 
the low molecular weight bands of 1 kb or smaller, especially 
bands in the range of 100-500 bp, are sharply resolved and are 
equal or substantially equal in intensity so as to be able to 
size nucleic acid fragments of interest spanning a broad 
molecular weight range using one nucleic acid standard. 

A 1 Kb DNA Ladder is currently available from Life 
Technologies, Inc. (Rockville, Maryland). This ladder contains 
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twelve bands in increments of 1018 bp, a 1636 bp band, a 517 bp 
band, and several smaller size bands ranging in size from 506 bp 
to 75 bp. However, the fragments smaller than 1 Kb appear less 
intense and less discrete than the 1018 bp increment bands. 
Also, the 1,636 bp band and the 517/506 bp doublet band stain 
more intensely than do other bands in the ladder. 

Another commercially available product is the "Kb DNA 
Ladder" , available from Stratagene (La Jolla, CA) . This product 
contains twelve bands of exact 1 Kb increments and three bands 
smaller than 1 Kb. The intensity of the bands smaller than 2 Kb 
is about half that of the bands 2 Kb and larger. In addition, the 
ladder bands greater than 6 Kb stain with less intensity than the 
2 Kb - 6 Kb bands. 

The Promega Corporation (Madison, WI) sells a 1 Kb DNA 
Ladder with eight 1 Kb increment bands ranging from 1 Kb to 10 Kb 
(there are no 7 or 9 Kb bands in this ladder) and three bands 
below 1 Kb. The 1 Kb and 3 Kb bands in the 1 Kb DNA Ladder 
available from Promega have increased intensity (>2-fold) to 
serve as reference points within the ladder. In addition to 
this, the 8 Kb and 10 Kb bands are significantly more intense 
than other bands in the ladder and the 0.25, 0.5, and 0.75 Kb 
bands are of various intensities. 

The 1 Kb DNA Ladder sold by Sigma Chemical Company (St. 
Louis, MO) is virtually identical to the Promega product, except 
it only contains one band below 1 Kb (the 0 . 5 Kb band) . Several 
of the bands in the 1 Kb DNA Ladder sold by Sigma vary in their 
intensities and this ladder contains only one band smaller than 1 
Kb. 

Pharmacia Biotech (Piscataway, NJ) sells a product called 
"Kilobase DNA Marker" which is likely to be the same product 
described above and sold by Sigma. 

A "1 Kilobase DNA Ladder" is sold by Bayou Biolabs (Harahan, 
LA) which has bands in 1 Kb increments up to 10 Kb. This product 
does not contain any bands smaller than 1 Kb. The Bayou Biolabs 
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product has a triple-intense 5 Kb band and does not contain any 
bands smaller than 1 Kb. 

Two other commercially available versions of a 1 Kb DNA 
Ladder, sold by GenSura (DelMar, CA) and Invitrogen (San Diego, 
CA) are believed to be identical. These ladders have 1 Kb 
increment bands from 1 Kb to 15 Kb and, as with the Bayou Biolabs 
product, have no bands smaller than 1 Kb and a triple-intense 5 
Kb band. 

Therefore, in view of the above, there is a need for a DNA 
ladder which spans a broad length range and which, when separated 
on a gel and stained, generates discrete bands which are clear 
and visible and are of relative equal intensity compared to each 
other. This is especially significant for band lengths smaller 
than 1 Kb (particularly those of 500 bp and smaller) . 



SUMMARY OF THE INVENTION 

The present invention concerns a composition of matter 
comprising a number of different sized nucleic acid fragments 
(two or more) for use in estimating size of unknown nucleic acid 
fragments. Specifically, the present invention relates to 
nucleic acid ladders for estimating the size (in base pairs) of 
nucleic acid fragments spanning a broad range of molecular weight 
sizes. The nucleic acid compositions and ladders of the invention 
include RNA or DNA and may be single or double stranded, although 
double stranded DNA ladders are preferred. Specifically, the 
invention relates to nucleic acid ladders or compositions wherein 
all or substantially all of the bands are substantially equal in 
intensity and/or wherein all or substantially all of the bands 
are substantially equal in relative mass. In a preferred aspect 
of the invention, the compositions or ladders are comprised of 
nucleic acid fragments in increments of about 1 Kb (kilobase = 
1,000 bases or base pairs) (e.g., 1 Kb, 2 Kb, 3 Kb, 4 Kb, 5 Kb 
etc.) and one or more nucleic acid fragments smaller than 1 
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Kb (for example, in increments 10 bp, 20 bp, 30 bp, 40 bp, 50 bp, 
60 bp, 70 bp, 80 bp, 90 bp 100 bp etc. or any combination 
thereof) ; wherein substantially all of the fragments of the 
ladder or composition are substantially equal in intensity when 
detected by staining, and/or wherein substantially all of the 
fragments are substantially equal in relative mass. 

Preferably, the nucleic acid ladders and compositions of the 
invention have two or more bands (preferably four, five, six, 
Severn, eight or more bands) ranging from about 25 Kb to about 
100 bp or smaller, preferably 20 Kb to 100 bp, more preferably 15 
Kb to 100 bp and most preferably 12 Kb to 100 bp, although 
smaller ranges are contemplated by the invention. 

The nucleic acid ladders or compositions of the invention 
preferably contain a mixture of nucleic acid fragments of 
different lengths wherein the copy number of each fragment size 
is adjusted such that the relative mass of each fragment is 
substantially the same. By having substantially the same 
relative mass, the bands of the ladders or compositions of the 
invention have substantially equal intensity when staining after 
separation by gel electrophoresis. In another aspect, the 
fragments of the ladders or compositions are produced by cleavage 
of one or more nucleic acid molecules at one or more enzyme 
restriction enzyme sites. These molecules may comprise any 
vector including plasmids, cosmids, or phagemides. 

More specifically, a ladder or compositions of the present 
invention is produced from a plasmid, designed to contain 9 
copies of a 100 bp sequence, 4 copies of a 200 bp sequence, 3 
copies of a 300 bp sequence, 2 copies of a 400 bp sequence, 2 
copies of a 500 bp sequence, one copy each of a 650 bp, a 850 bp, 
and a 1650 bp sequence, and 12 copies of a 1000 bp sequence. A 
number of different sized fragments are present in multiple 
copies in the plasmid such that each fragment when generated by 
the appropriate endonuclease digestion has substantially the same 
relative mass as any other different sized fragment in the ladder 
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or composition. Thus, the compositions or ladders of the 
invention comprise a number of different bands (each band 
representing a different sized fragment) , wherein each band has 
substantially the same intensity after gel electrophoresis and 
staining. The fragments in this preferred aspect of the 
invention are prepared by digesting the plasmid with restriction 
endonucleases, thereby producing fragments ranging from about 12 
kb to about 100 bp, which when stained, appear as distinct bands 
of substantially equal intensity after gel electrophoresis. 

The present invention also provides nucleic acid ladders or 
compositions of the invention which comprise a mixture of nucleic 
acid fragments of different lengths. Each different sized 
fragment of the ladders or compositions of the invention may 
differ in size by X base pairs (bp) , wherein X is an integer 
equal or greater than 10. Preferably, the relative mass of each 
different sized fragment is substantially equivalent such that 
discrete bands of substantially equal intensity are produced when 
the fragments are resolved on a gel and stained. 

The invention also relates to a method for preparing the 
ladders or compositions of the invention. Such methods comprise 
providing sufficient numbers of copies of each fragment of a 
desired size such that the mass of each fragment is substantially 
equivalent. Generally, more copies of smaller fragments are 
needed to equalize the mass of a larger fragments. The multiple 
fragments for preparing the ladders or compositions of the 
invention may be provided separately or in a pre-mixed form. In 
any event, the separately provided fragments would be mixed prior 
to gel separation. 

The methods of the invention lso comprise: 

(a) mixing one or more restriction enzymes with one or more 
nucleic acid molecules (preferably plasmids, cosmids, or 
phagemids) ; and 

(b) incubating the mixture under conditions favoring the 
cleavage of said nucleic acid molecules at one or more of the 
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restriction sites, thus providing the ladders or compositions of 
the invention. Cleavage can be a partial digestion, a complete 
digestion, or a combination of both, depending upon the design of 
the nucleic acid molecule. Partial digestion generates a 
population of multimers (e.g. monomer repeat, dimer repeat, 
trimer repeat, tetramer repeat, etc.), thereby forming a ladder, 
while complete digestion generates distinct size bands (depending 
on the location of the restriction sites 

The invention also relates to methods for determining the 
size of a nucleic acid molecule, a preferred such method 
comprising : 

(a) separating according to size the nucleic acid ladder or 
composition of the invention, and the nucleic acid molecule to be 
sized; and 

(b) determining the size of the nucleic acid molecule by 
comparison to the fragments or bands of the nucleic acid ladder 
or composition. 

The invention further provides kits comprising a carrier 
means, such as a box, carton or the like, being compartmentalized 
to receive in close confinement therein one or more container 
means, such as tubes, vials, ampules, bottles, or the like, 
wherein a first container means comprises the nucleic acid ladder 
or composition of the present invention. The kit of the 
invention may comprise the composition or ladder in a single 
container (pre-mixed) or may comprise fragments of the ladder or 
composition in separate containers which may be mixed at a later 
time . 

The invention also concerns nucleic acid molecules (DNA or 
RNA, preferably double stranded DNA) for preparing the ladders 
compositions (or fragments thereof) of the invention. Such 
molecules are preferably plasmids, cosmids, or phagemids. A 
preferred plasmid is pKB1847. Host cells containing such 
molecules are also contemplated by the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood with reference to 
the following description and appended claims, and accompanying 
drawings where : 

Figure 1 shows a restriction map of plasmid pKB184 7; 

Figure 2 is a photograph of a comparative gel illustrating 
the distinguishing features of the present invention compared to 
existing DNA standards. 

DETAILED DESCRIPTION 

The present invention relates to nucleic acid molecules 
which may be used as standards for estimating the size (in base 
pairs) and/or mass of linear, double stranded or single stranded 
nucleic acid molecules separated by size, preferably by 
electrophoresis on agarose or polyacrylamide gels. The nucleic 
acid molecules of the invention may be DNA molecules, RNA 
molecules or DNA/RNA hybrid molecules, and may be double -stranded 
or single-stranded. 

In a preferred embodiment of the invention, the nucleic acid 
molecules (or fragments of the ladders or compositions of the 
invention) are produced from one or more vectors (e.g., plasmids, 
cosmids, and phagemids) designed to contain copies of fragments 
of different lengths. However, any nucleic acid molecule or 
combination of molecules may be used to produce the ladders or 
compositions of the invention. Different sized fragments are 
then provided (as a premixture or separately for later mixing) 
such that the relative mass of each fragment length is 
substantially equivalent. Relative mass is defined as the ratio 
of each fragment mass compared to total mass of all fragments. 
Mass of a fragment is defined as the size (number of base pairs 
(bp) ) of each fragment length multiplied by the number of copies 
of same fragment; for example, if a ladder or composition has 
three (3) different sized fragments (fragment 1, 100 bp at 50 
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copies; fragment 2, 500 bp at 10 copies; and fragment 3, 1000 bp 
at 5 copies) the mass of each fragment would be 5000 (e.g., 5 
copies of a 1,000 bp fragment would have the mass of 5 X 
1,000=5,000). The total mass would therefore be 15,000 (5,000 + 
5,000 + 5,000 = 15,000). Relative mass (in percent) can be 
calculated by dividing the mass of a particular fragment over the 
total mass of all the fragments multiplied by 100. Thus, the 
relate mass of each fragment would be 33%. Relative mass is 
substantially equal when the relative mass of each fragment is no 
more than 3 times the relative mass of another fragment, 
preferably, no more than 2.5 times the relative mass of another 
fragment, more preferably 2 times the relative mass of another 
fragment, still more preferably 1.5 times the relative mass of 
another fragment, and most preferably each fragment has about the 
same relative mass. 

For instance, in the preferred ladder of the invention, the 
relative mass of the 100 bp fragment can be calculated by 
dividing the mass of 100 bp fragment, 9 copies x 100 bp = 900, 
over the total mass of the fragments in the ladder, 19,550 bp 
(see Table 1) , multiplied by 100 results in a relative mass of 
4.6%. In a second example, the 1,650 bp fragment (1,650 X 1 copy 
= 1,650) divided by the total mass of the all the fragments of 
the ladder, 19,550, multiplied by 100 gives a relative mass of 
8.4%. Therefore, since the relative mass of the 1,650 bp 
fragment is less than three times the relative mass of the 100 bp 
fragment, the relative mass of the fragments is considered to be 
substantially equal as defined herein. 

According to this aspect of the invention, a particularly 
preferred nucleic acid molecule generates a 1 kb ladder 
(increments of about 1 Kb) and contains about 9 copies of a 10 0 
bp sequence, 4 copies of a 2 00 bp sequence, 3 copies of a 3 00 bp 
sequence, 2 copies of a 400 bp sequence, 2 copies of a 500 bp 
sequence, one copy each of a 650 bp, a 850 bp sequence and a 
1,650 bp sequence. The 1 kb ladder is generated by partial 
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digestion of the vector containing 12 copies of about a 1 kb 
(1000 bp) sequence, while the multiple copies of fragments 
smaller than 1 kb are generated by complete digestion. 
Increasing the number of smaller sized fragments provides 
equalization of the relative mass of all fragments thereby 
allowing substantially equal band intensity. 

As noted, one or more nucleic acid molecules may be used to 
prepare the ladder of composition of the invention. That is, one 
or a number of fragments can be made from one or more molecules, 
and the fragments can be isolated and maintained separately or 
premixed . 

As will be understood by those of ordinary skill in the art, 
the nucleic acid molecules used to form the nucleic acid sizing 
ladder or composition of the invention are preferably linear or 
circular DNA molecules which are cleavable by a restriction 
enzyme. For example, the nucleic acid molecules may be derived 
from a chromosome, a vector, a cosmid, a plasmid or a viral 
genome. Preferably, the nucleic acid molecules are vector or 
viral molecules and derivatives thereof. The nucleic acids 
present in the vector or viral molecule may include exogenous 
nucleic acids which have been joined to produce the vector or 
viral molecule. In one preferred embodiment, the nucleic acid is 
DNA. 

In order to prepare the multiple copies of the fragments of 
the invention, the method described in Example 1 can be used. 
Multiple fragments of a desired size can be cloned into a 
selected restriction site in a head to tail fashion so as to 
avoid hairpin formation. The vector containing the proper number 
of multiples desired so as to have substantially equal relative 
mass can be selected according to size. The multiples are 
preferably flanked with one or more unique restriction 
endonuclease sites so that they may be removed from one vector 
and inserted in another vector as a "cassette". This allows the 
preparation of a single vector which contains the multiple 
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fragments to make the ladder or composition of the invention. 
This vector can then be used, by digesting with the appropriate 
endonucleases under the appropriate conditions, to prepare the 
ladders or compositions of the invention. Alternatively, the 
different sized fragments (or multiples thereof) may be inserted 
into separate vectors, the fragments can be isolated and then 
premixed or stored for later mixing to make the ladders or 
compositions of the invention. These fragments would be mixed in 
appropriate amounts to provide a ladder or composition, wherein 
each fragment of the ladder or composition has substantially the 
same relative mass. The above method can be repeated for any 
size fragment multiples, and the multiples combined as desired. 
Restriction sites which allow head-to-tail ligation of fragments 
are asymmetrical restriction sites known to those in the art and 
include, for example, Aval and Banll . 

Where the multiple copies of the fragments of the present 
invention are to be inserted into one or more vectors, fragments 
may be ligated to produce repeats which can be separated by 
restriction sites. One or more of these repeats may be 
subsequently separated by cleavage with one or more restriction 
enzymes such as a blunt-end and/or sticky-end restriction 
endonuclease. A restriction endonuclease is an enzyme that has 
the capacity to recognize a specific base sequence (usually 4, 5, 
G base pairs in length or larger) in a DNA molecule, and to 
cleave the DNA molecule where this sequence appears. In the 
practice of the present invention, restriction enzymes and 
restriction sites can be chosen which give the same or different 
blunt-end or sticky-end fragments. Examples of blunt-end 
restriction enzymes suitable for use in the invention, and their 
cleavage sites, include without limitation: 

Alul, Dral, EcoAl III, EcoRV , Fspl , Hpal , MscI, Nrul , PvuII, 

Rsal, Seal, Smal, Sspl, StuI, Thai, Dral 
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Examples of sticky-end restriction enzymes suitable for use 
in the invention, and their cleavage sites, include without 
limitation: 

Aval, BamHI, Banll , Bglll , Clal , EcoRI , Hindlll , Hpall , 
Kpnl, Ms el, Ncol , Ndel , No tl , PstI, Pvul , SacI/SstI, Xbal , 
Xhol. 

The above-mentioned restriction enzymes, and others that may 
be equivalently used in the present invention, are available 
commercially, for example from Life Technologies, Inc. 
(Rockville, MD) . See also Roberts, R.J., Nucl . Acids Res. 17 
(Suppl. ) :r347-r387 (1989), for other examples of restriction 
enzymes and their cleavage sites. 

Preferably, the nucleic acid molecules used for making 
fragments of the ladders or compositions contains an origin of 
replication (for example, ori) such that the nucleic acid 
molecule may autonomously replicate within a host cell. It is 
also preferable that the nucleic acid molecule contain a 
selectable or screenable marker. The origin of replication and 
the marker may be present on the same fragment. Host cells 
containing the nucleic acid molecule of the invention may be 
cultured and selected with a selection agent corresponding to the 
selectable marker. Prokaryotic (gram negative or gram positive) 
or eukaryotic host cells may be used in accordance with the 
invention. Preferred prokaryotic host cells include bacteria of 
the genus Escherchia , Salmonella, Pseudomonas or Klebsiella. 
Preferably, E. coli strains are used (for example E. coli STBL2™ 
obtainable from Life Technologies, Inc. Rockville, MD) . 
Preferred eukaryotic host include yeast, plant cells, mammalian 
cells or insect cells. 

According to the invention, the fragment sequences may be 
ligated into a vector which is then transformed into a host cell, 
using well known techniques. These multiple copies may be 
ligated together to form multimers, e.g. dimers, trimers, 
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tetramers, pentamers, hexamers and the like. The host cell is 
then cultured, lysed, and the vector isolated by standard 
protocols. Please see e.g., Maniatis, Fitsch and Sambrook, 
Molecular Cloning; A laboratory Manual (1982) or dna Cloning . 
Volumes I and II (D. N. Glover ed. 1985) for general cloning 
methods. The vector may then be digested at the restriction 
endonuclease site, thereby separating the repeats to give 
multiple copies of the repeat fragment. Alternatively, partial 
digestion of the vector provides for multimers of varying sizes. 
Partial digest conditions which produce the desired multimers can 
be determined by standard methods such as visualizing the 
products of partial digests incubated for varying duration. Such 
multimers of variable size (e.g., monomers, dimers, trimers, 
etc.) are used as sizing ladders according to the invention and 
form "rungs" of the ladder. Such sizing ladders may be double - 
stranded or single-stranded. Single-stranded ladders may be 
formed from double- stranded nucleic acid molecules or ladders of 
the invention by techniques that are well-known to one of 
ordinary skill in the art. 

According to the invention, nucleotides or derivatives 
thereof suitable for preparing the oligonucleotides and nucleic 
acid molecules of the invention include, but are not limited to, 
dUTP, dATP, dTTP, dCTP, dITP, ATP, TTP, UTP, GTP, CTP, 7-deaza- 
dGTP, adATP, adTTP, adGTP, adCTP, ddATP, ddTTP, ddCTP, and ddGTP. 
Other nucleotides (deoxy and dideoxy) and derivatives thereof 
suitable for use in forming the nucleic acid molecules of the 
invention will be familiar to one of ordinary skill in the art. 

As described in more detail in Example 2 below, a preferred 
nucleic acid ladder may be produced from the plasmid pKB1847 
(Figure 1) by first digesting the plasmid to completion with 
Bglll restriction enzyme to generate multiple copies of 100 bp, 
200 bp, 300 bp, 400 bp, and 500 bp fragments as well as a 650 bp, 
850 bp, and 1650 bp fragments and a 12 kb repeat "cassette" 
containing 12 1-kb repeats (see Figure 1) . The cassette is then 
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partially digested with BamHl to generate fragments increasing in 
size by increments of 1 kb, the largest fragment being 12 kb. Of 
course, the steps of complete digestion and partial digestion may 
be reversed in sequence. 

In accordance with the invention, the ladders or 
compositions may contain one or more highlight bands or fragments 
for orientation purposes. Such highlighted bands or fragments 
will have substantially more relative mass (greater than 3 times, 
preferably greater than 4 times, and most preferably greater than 
5 times) than the other fragments or bands. Thus, the highlight 
fragments have brightened intensity upon staining so as to 
distinguish the highlight bands or fragments from other bands or 
fragments within the ladder or composition of the invention. 

The sizing ladder or composition of the present invention 
can be used for estimating the size (in bp) of double -stranded 
nucleic acid (e.g. DNA or RNA) fragments, preferably by 
electrophoresis on agarose or polyacrylamide gels. This ladder 
may also be used to size single-stranded nucleic acid fragments 
when the strands are separated by heat or chemical denaturation . 
In particular, the ladder or composition of the present invention 
is useful as a standard for sizing linear, double -stranded and 
single- stranded nucleic acid fragments in the 25 kb to 10 bp 
range. The ladder or composition of the present invention can 
also be detectably labeled, for example with a radiolabel, 
fluorescent label, or chemiluminescent label as described below, 
and used as a standard in nucleic acid assays such as Southern 
hybridization, or PCR amplification wherein the size of the 
expected bands is within the range of the sizing ladder used. 

The nucleic acid marker ladder or composition of the present 
invention may be single-stranded or double - stranded . The double- 
stranded ladder or composition is obtained directly from the 
double -stranded nucleic acid construct of the invention. Single 
strands may be obtained by heating the double-stranded nucleic 
acid construct of the invention, or by treating it with a 
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chaotropic agent or with a helicase. Alternatively, single 
strands will be obtained when separating the ladder or 
composition on SDS-PAGE. 

The ladder or composition of the invention can be detectably 
labeled by staining with ethidium bromide or SYBR green, or by 
end-labeling using standard methods known in the art. A 
particular advantage of the double stranded ladder or composition 
(e.g., DNA) of the present invention is the presence of a 
g sticky endg which comprises all four nucleotides as a result 
of the restriction digest, allowing use of any labeled 
nucleotide, A, C, T, G, for the purpose of detectably labeling 
the ladder or composition bands. Thus, another aspect of the 
invention relates to the ladder or composition of the present 
invention which is detectably labeled with a stain or other 
detectable label. Labels suitable for detectably labeling the 
ladder or composition of the invention include, but are not 
limited to, radiolabels (e.g., 32 P, 14 C, 3 H and the like), 
fluorescent labels (e.g., fluorescein, rhodamine, phycocyanin, 
and the like) and chemiluminescent labels (e.g., using the PHOTO- 
GENE or ACES chemiluminescence systems, available commercially 
from Life Technologies, Inc. Rockville, MD) . 

In another embodiment, the present invention relates to a 
nucleic acid marker kit comprising a carrier means such as a box 
or carton having in close confinement therein at least one 
container means such as vials, tubes, jars, ampules and the like. 
Such a kit may comprise the nucleic acid composition or ladder of 
the present invention, in optionally labeled form. The fragments 
of the ladder composition can be provided in separate containers 
or in premixed form. The ladders or composition or fragments 
thereof may be provided in a storage buffer such as about 10 mM 
TRIS-HC1 (pH 8.0), about 1 mM EDTA and, optionally, about 50 mM 
NaCl. The nucleic acid ladder or composition may be present at a 
concentration of about 1 uM, and is preferably stored at about 
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-20°C until use. A further container means may contain a reagent 
capable of detectably labeling the ladder of the present 
invention, such as ethidium bromide, SYBR Green, or T4 
polynucleotide kinase. Optionally, the ladder may be in a 
storage buffer containing glycerol, or sucrose, or a dye such as 
bromophenol blue or Xylene cyanol . 

Having now generally described the invention, the same will 
be more readily understood through reference to the following 
Examples which are provided by way of illustration, and are not 
intended to be limiting of the present invention, unless 
specified. 

The following MATERIALS AND METHODS were used in the 
examples that follow. 
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EXAMPLE 1 
Production of the "pKB1847" plasmid 

A DNA ladder or composition according to the present 
invention is produced from a specially constructed plasmid 
("PKB1847") designed to contain 9 copies of a 100 bp sequence, 4 
copies of a 2 00 bp sequence, 3 copies of a 3 00 bp sequence, 2 
copies of a 400 bp sequence, 2 copies of a 500 bp sequence, one 
copy each of a 650 bp, a 850 bp, and a 1650 bp sequence, and 12 
copies of a 1000 bp sequence. The various size fragments are 
present in multiple copies in the plasmid to make the relative 
mass of each fragment proportional. The map of the plasmid is 
attached and was constructed by the following steps: A plasmid 
was designed to contain the pUC19 origin of replication and the 
ampicillin resistance gene in a fragment of an exact size of 1650 
bp. A fragment containing the amplicillin gene (03 6 bp) and a 
fragment containing the origin of relocation (694 bp) were 
prepared by PCR-amplif ication with specific primers containing 
restriction sites, followed by restriction digestion and ligation 
of the PCR products, then transformation of the ligation mixture 
into competent DH5a E.coli cells. The resulting plasmid was 
designated "pHB106". 



S tep 2 ; 

Two 1000 bp fragments were then PCR amplified from Lambda 
DNA to contain restriction enzyme sites such that when digested 
with these enzymes, they could be ligated together and cloned 
into the M pHB106" vector between EcoRI and Hindi I I restriction 
sites . 



Step 3; 
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The resulting plasmid contained an asymmetrical Aval site 
(CTCGGG) between the two 1 Kb fragments which was then used to 
ligate in other 1 Kb fragments which were flanked by the same 
asymmetrical Aval site. This ensured that the 1 Kb fragments 
ligated into the plasmid in a head-to-tail fashion. A plasmid 
was isolated which contains twelve 1 Kb fragments ("pKB16 03") . 

Step 4 : 

A 100 bp fragment was amplified from Lambda DNA and multiple 
copies were cloned into the EcoRI site of pHB10 6 as described in 
Steps 2 and 3. A plasmid was isolated which contains nine 100 bp 
fragments { "pKB1213 " ) . 

Step 5; 

The procedure described in Step 4 was repeated to clone four 
200 bp fragments ( "pKB2110 " ) , three 300 bp fragments ( "pKB3106 " ) , 
two 400 bp fragments ( n pKB4103 n ), and two 500 bp fragments 
("pKB5006") into pHB106 vectors. 

S tep 6 ; 

The plasmid pKB3106, containing the multimers of the 300 bp 
fragment, and the plasmid pKB4103, containing the multimers of 
the 400 bp fragment, were both digested at two restriction sites 
and fragments from each plasmid were gel-purified and ligated 
together. A new plasmid was formed containing the 3 00 bp 
multimers and the 400 bp multimers head-to- tail . 

Step 7; 

The 100 bp, 200 bp and 500 bp multimers were then cloned 
into the plasmid containing the 3 00 and 400 bp multimers using 
three more "cycles" of the method described in Step 6. The 
resulting plasmid contained all of the multimers of the 100, 200, 
300, 400, and 500 bp fragments. 
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Ste p 8 ; 

The "cassette" containing the multimers of the 100 bp 
through 500 bp fragments was cut out of the plasmici from step 7 
and ligated into the plasmid, pKB1603, described in step 3 which 
contains the twelve 1000 bp fragments. 

S t e p 9; 

A 650 bp fragment and a 850 bp fragment, both generated by 
PCR from Lambda DNA, were cloned into unique restriction enzyme 
sites in the plasmid described in Step 8. The resulting plasmid 
was designated, "pKB1847". This plasmid contained in E. coli 
STBL2™ cells, was deposited on June 20, 1997 with The 
Collection, Agricultural Research Culture Collection (NRRL) , 1815 
North University Street, Peoria, IL 61604 USA as Deposit No. 
NRRL B-21791. 

EXAMPLE 2 
Production of the DNA Ladder 

The DNA Ladder is produced f rom the plasmid pKB1847 by first 
digesting the plasmid to completion with Bgrlll restriction 
enzyme. This releases the multiple copies of the 100 bp, 200 bp, 
300 bp, 400 bp, and 500 bp fragments as well as the 650 bp, 850 
bp and 1650 bp fragments and the 12 Kb repeat fragment. This 
mixture is then partially digested with BamHI restriction enzyme 
to generate fragments increasing in size by 1 Kb, the largest 
fragment being 12 Kb (see Table 1) . The BamHI and Bgl II 
restriction enzymes both generate identical "sticky ends" in each 
fragment of the ladder with the sequence, GATC . 
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Table 1: DNA Ladder of the present invention - Relative Mass of 
Ladder Bands 



1 — 1 CL *-jL ^jL ' — » i- .DGLJLXUi 


Ml 1 TViV\ O V /"N -P 
1M ULLIUJ tS X. U JL 


JXLcL S S V ^ 


Relative Mass 


Size \DQ) 


Fragments 


(# of Fragments 


[ (mass/ (total plasmid 




in Plasmid 


x size) 


size) x 100%] 


12, 000 






*5.1% 


11, 000 






*5 . 1% 


10, 000 






*5.1% 


9, 000 






*5.1% 


8, 000 






*5 . 1% 


7,000 






*5 . 1% 


6,000 






*5.1% 


5,000 






*5 . 1% 


4,000 






*5 . 1% 


3 , 000 






*5 . 1% 


2, 000 






*5 . 1% 


1, 650 


1 


1, 650 


8.4% 


1, 000 


12* 


12, 000* 


*5 . 1% 


850 


1 


850 


4.3% 


650 


1 


650 


3.3% 


500 


2 


1, 000 


5.1% 


400 


2 


800 


4.1% 


300 


3 


900 


4.6% 


200 


4 


800 


4.1% 


100 


9 


900 


4.6% 



Total plasmid size = 19,550 bp 



* = The 12,000 bp mass comprises 12 separate bands. 

EXAMPLE 3 

Gel Electrophoresis and Ethidium Bromide Staining 

Material was obtained from eight companies with comparable 
nucleic acid ladder products and analyzed simultaneously with the 
DNA Ladder or composition of the invention as follows: 

250 ng of DNA were applied to the wells of a 1% agarose gel 
which contained 1 ug/ml of ethidium bromide. The gel was 
submerged in Tris-Acetate-EDTA buffer, also containing 1 ug/ml of 
ethidium bromide, in an electrophoresis apparatus. 
The gel was electrophoresed at 100 V for 40 minutes. 
The bands were analyzed by photographing the gel under exposure 
of UV light. 
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Figure 2 is a photograph of the gel illustrating the 
intensity and number of DNA bands in the various ladders. The 
following describes the differences between the invention and the 
commercially available related products when analyzed by gel 
electrophoresis : 

The product of the invention is illustrated in Figure 2, 
Lane 1. Significantly, all of the ladder bands, especially the 
bands smaller than 1 kb in length, stain with relative equal 
intensity with ethidium bromide since the mass of DNA in each of 
the bands is relatively proportional. 

As can be seen in Figure 2, Lane 2, the 1 Kb DNA Ladder 
commercially available from Life Technologies, Inc. (Rockville, 
MD) differs from the invention in that the fragments smaller than 

1 Kb appear less intense than the 1018 bp increment bands. This 
is because the relative mass of each of these fragments (and thus 
the intensity of these bands when stained) decreases in 
proportion to its size. Also, the 1,636 bp band and the 500 bp 
band stain more intensely than do other bands in the ladder. 

Lane 3 illustrates the "Kb DNA Ladder" from Stratagene (La 
Jolla, CA) . The intensity of the bands smaller than 2 Kb is 
about half that of the bands 2 Kb and larger. This feature is 
described as a landmark for reference purposes. In addition, the 
ladder bands greater than 6 Kb stain with less intensity than the 

2 Kb - 6 Kb bands. 

The 1 Kb and 3 Kb bands in the 1 Kb DNA Ladder available 
from Promega (Madison, WI) (Lane 4) have increased intensity (>2- 
fold) to serve as reference points within the ladder. In 
addition to this, the 8 Kb and 10 Kb bands are significantly more 
intense than other bands in the ladder and the 0.25, 0.5, and 
0.75 Kb bands are of various intensities. 

Several of the bands in the 1 Kb DNA Ladder sold by Sigma 
(St. Louis, MO) (see Lane 5) vary in their intensities and this 
ladder contains only one band smaller than 1 Kb. 
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The 1 Kb DNA Ladder sold by Pharmacia (Piscataway, NJ) (Lane 
6) is identical to the Sigma ladder, and is likely the same 
product . 

The Bayou Biolabs (Harahan, LA) product in Lane 7 has a 
triple-intense 5 Kb band and does not contain any bands smaller 
than 1 Kb. 

The two 1 Kb DNA Ladders in Lanes 8 and 9 (GenSura (DelMar, 
CA) and Invitrogen (San Diego, CA) ) are identical products which 
have 5 Kb bands of higher intensity and no bands smaller than 1 
Kb. 

All publications, patent applications and patents cited 
herein are fully incorporated by reference herein in their 
entirety . 
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What is claimed is: 

1. A composition or ladder comprising a mixture of 
nucleic acid fragments of different lengths wherein the relative 
mass of each fragment is substantially equivalent. 



2. The composition or ladder according to claim 1, 
wherein said different length fragments produce bands after gel 
electrophoresis, said bands having substantially equal intensity. 

3 . A composition or ladder comprising a mixture of 
nucleic acid fragments of different sizes, wherein the 
differently sized fragments are capable of producing bands after 
gel electrophoresis and staining, said bands having substantially 
equal intensity. 

4 . The composition or ladder according to claim 1 
wherein said nucleic acid is DNA. 



5. The composition or ladder according to claim 1, 
wherein each of said fragments differ in length by X base pairs, 
wherein x is an integer equal to or greater than 10. 



6. The composition or ladder according to claim 5, 
wherein x is an integer equal to or greater than 100. 
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7. The composition or ladder according to claim 1, 
wherein said mixture comprises fragments having two or more 
increments of about 1 kb in length . 

8. The composition or ladder according to claim 7 , 
wherein said fragments range in size from about 2 5 kb to about 1 
kb. 

9. The composition or ladder according to claim 1, 
wherein said fragments are multiples of about 1 kb. 

10. The composition or ladder according to claim 1, 
wherein said mixture comprises fragments having one or more 
increments selected from the group consisting of, about 50 bp in 
length, and about 10 bp in length, about 100 bp in length, about 
50 0 bp in length, and about 10 00 bp in length. 

11. The composition or ladder according to claim 7, 
further comprising fragments having one or more increments 
selected from the group consisting of about 100 bp in length, 
about 500 bp in length, about 50 bp in length, and about 10 bp in 
length. 

12. The composition or ladder according to claim 7, 
further comprising fragments having one or more multiples 
selected from the group consisting of about 100 bp in length, 
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about 500 bp in length, about 5 0 bp in length, and about 10 bp in 
length. 

13. The composition or ladder according to claim 11 
which comprises one or more fragments at a relative mass 
sufficient to product one or more highlight bands after gel 
electrophoresis and staining. 

14. The composition or ladder according to claim 12 
which comprises one or more fragments at a relative mass 
sufficient to product one or more highlight bands after gel 
electrophoresis and staining. 

15. The composition or ladder according to claim 1, 
wherein one or more of said nucleic acid fragments are single 
stranded. 

16. The composition or ladder according to claim 1, 
wherein one or more of said nucleic acid fragments are double 
stranded. 

17. The composition or ladder according to claim 16, 
wherein said double stranded fragments are blunt ended. 
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18. The composition or ladder according claim 16, 
wherein said double stranded fragments comprise a single stranded 
overhang at each terminus . 

19. The composition or ladder according to claim 18, 
wherein said single stranded overhang comprises one or more 
nucleotides selected from the group consisting of G, A, T, and C. 

20. The composition or ladder according to claim 19, 
wherein said overhang comprise G, A, T and C. 

21. The composition or ladder according to claim 1, 
wherein said relative mass of each fragment is no more than about 
3 times the relative mass of another fragment. 

22. The composition or ladder according to claim 1, 
wherein said relative mass of each fragment is no more than about 
2 times the relative mass of another fragment. 

23. The composition or ladder according to claim 1, 
wherein said relative mass of each fragment is no more than about 
1.5 times the relative mass of another fragment. 



24. The composition or ladder according to claim 1, 
wherein said mass of each fragment is about the same. 
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25. The composition or ladder according to claim 1, 
wherein said fragments are detectable labeled. 

26. The composition or ladder according to claim 25, 
wherein said detectable label is selected from the group 
consisting of a radiolable, a fluorescent label, and a 
chemiluminescent label . 

27. The composition or ladder according to claim 4, 
wherein said mixture of DNA fragments comprises about 9 copies of 
100 bp fragment, about 4 copies of a 2 00 bp fragment, about 3 
copies of 400 bp fragment, about 2 copies of 500 bp fragment, 
about 1 copy of 650 bp fragment, about 1 copy of 8 50 bp fragment, 
about 12 copies of 1000 bp fragment, and about 1 copy of 1650 bp 
fragment . 

28. A recombinant DNA molecule comprising the fragments 
according to claim 1. 

29. The recombinant DNA molecule according to claim 28, 
wherein said molecule is a vector. 

30. The recombinant DNA molecule according to claim 29, 
wherein said vector is a plasmid. 
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31. The recombinant DNA molecule according to claim 3 0 
wherein said plasmid is pKB1847. 

32. A host cell comprising the recombinant DNA molecul 
of claim 28 . 

33. A host cell comprising the recombinant DNA molecul 
of claim 29. 

34. A host cell comprising the recombinant DNA molecul 
of claim 31. 

35. A ladder resulting from the enzymatic digestion of 
the recombinant molecule according to claim 28. 

36. A ladder resulting from the enzymatic digestion of 
the recombinant molecule according to claim 29. 

37. A ladder resulting from the enzymatic digestion of 
the recombinant molecule according to claim 31. 

38. A method for sizing one or more nucleic acid 
molecules of unknown length, said method comprising: 

a) separating according to size the fragments of the 
composition or ladder according to claim 1 with said nucleic aci< 
molecules ; and 
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b) determining the size of said nucleic acid molecules. 



39. A kit comprising fragments of claim 1. 



40. The kit according to claim 39, wherein said 
fragments are mixed in a single container. 



41. The kit according to claim 3 9 , wherein said 
different sized fragments are separated in different containers. 



42. The kit according to claim 39, further comprising 
detectable stain. 
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ABSTRACT 

The present invention provides nucleic acid compositions or 
ladders which may be used as standards for estimating the size 
(in base pairs) and or mass of nucleic acid molecules of unknown 
size and/or mass. The invention also relates to methods for 
producing such compositions or ladders, ladders or compositions 
produced by such methods, and to methods for estimating the size 
and/or mass of nucleic acid molecules by comparison to these 
nucleic acid sizing ladders. 
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